Abstract. Vascular endothelial growth factor (VEGF) and the pigment epithelium-derived factor (PEDF) serve an important role in prostate cancer (PCa). The aim of the present study was to evaluate whether the levels of VEGF and PEDF in serum are associated with the severity of PCa, and whether they can differentiate from patients with benign prostatic hyperplasia (BPH). Two groups of patients were recruited, patients with PCa or BPH that were newly diagnosed without other comorbidities, and were compared with healthy individuals. The levels of VEGF and PEDF were measured by ELISA in serum, and by immunohistochemistry in biopsies. A correlation analysis was performed for the values in biopsies and serum, comparing the VEGF/PEDF ratio, total-prostate-specific antigen (t-PSA) levels and the status of each sample as acinar Ad (Gleason score) or as benign hyperplasia. The results demonstrated that serum levels of VEGF, PEDF, and t-PSA between PCa and BPH were similar to each other, but different to healthy individuals (P<0.05). The VEGF/PEDF ratio in serum had a significant difference between acinar Ad with Gleason score 8-10 and BPH groups (P<0.05). The VEGF and PEDF immunostaining intensities were correlated with its circulating levels in all cases of PCa, but not in BPH. These preliminary results suggest that VEGF and PEDF levels by themselves or in combination with t-PSA did not differentiate between malignant, and benign prostate diseases. However, there was a significant difference observed in the VEGF/PEDF ratio in serum between the groups, suggesting that it may be used as an index for diagnosis and prognosis in a personalized manner, although more studies are necessary.
Introduction
Prostate cancer (PCa) is the second most frequent malignant neoplastic disease among men, with 241,740 cases in America, and 28,170 deaths from PCa in 2012; in the Mexican population, the incidence of PCa is underrated, but there is a high occurrence of high-grade lesions (1, 2) . Due to its impact, and to promptly treat this illness, several programs for prevention and early diagnosis are currently active. The primary diagnosis tools for PCa are the level measurement of total prostate specific antigen (t-PSA) in serum along with clinical and digital rectal examination; nevertheless, none of these method is specific enough to differentiate cases of adenocarcinoma (Ad) from benign prostatic hyperplasia (BPH) (3, 4) . To distinguish between prostatic pathologies and to determine progressiveness of PCa, is useful to perform a histological inspection of biopsies with Gleason score (GS) grading since it allows the physicians to distinguish benign and malignant neoplasias. However, the specificity of histology interpretation could decrease depending on the number of analyzed biopsies, the captured area and the expertise of the pathologist. There is sufficient evidence suggesting that angiogenesis plays an important role in PCa. PCa cells secrete proteic factors such as the vascular endothelial growth factor (VEGF), which is extensively studied and known as the major angiogenic marker. VEGF acts as a direct mediator in endothelial cell proliferation, vascular permeation, tumor growth promotion, and metastasis. Several authors report that there are higher levels of VEGF in biopsies and serum of PCa patients as compared to healthy individuals (5) (6) (7) (8) . Although there is a correlation between levels of VEGF in serum and the stages of the disease, its validity as a prognosis marker is still controversial because VEGF is also augmented in BPH and its plasma concentration does not concur with the clinical classification as benign or malignant forms (9) (10) (11) (12) (13) .
Other protein related to angiogenesis is the pigment epithelium-derived factor (PEDF), an antiangiogenic factor with antitumoral properties (14) . In PCa and other solid tumors, low levels of PEDF are associated with higher vascular density and to a metastatic phenotype, indicating a decrease of its expression along with tumor progression (15, 16) . Likewise, tumor growth in PCa diminishes when treated with recombinant PEDF or with diverse epitopes of this protein (14, 17, 18) . Also, the levels of PEDF are lower in serum and biopsies of PCa, suggesting that it as a prediction marker of the disease (19, 20) . However, there are not studies about the levels of PEDF in PCa and BPH as a diagnosis marker.
Angiogenesis depends on the critical equilibrium between pro-and anti-angiogenic factors (VEGF/PEDF). Several studies in vivo and in vitro show an association between an increase in the VEGF/PEDF ratio and a bad prognosis in nasopharyngeal carcinoma and ophthalmic neovascular illnesses, suggesting that the VEGF/PEDF ratio in serum could be useful as a prognostic value for other diseases (21) (22) (23) (24) (25) . Though, there are no reports of the differences in the measurements of VEGF/PEDF ratio between PCa and BPH. In here, we aim to describe the serum levels of VEGF, PEDF and the VEGF/PEDF ratio among patients recently diagnosed with PCa or BPH and whether these measurements are related to the detection of both proteins in prostate biopsies. The combination of these data might allow the discrimination of the grade of angiogenesis associated with the disease, and it could become a valuable theranostic tool.
Materials and methods
The present study was performed under the approval of the ethics and research local committees. All participants gave their informed consent through a written format, under the 1975 Helsinki's Declaration and the nationally approved guidelines (26). Patients with PCa (n=40) and BPH (n=57) were recently diagnosed by digital rectal exam, serum t-PSA measurement (t-PSA>4.0 ng/ml) and by detection of diffuse growth at the prostatic transition zone, near the bladder base, with nodular and heterogeneous echo. Acinar Ad and BPH diagnosis were confirmed by histological examination, using a biopsy extracted with a guided transrectal ultrasound (TRUS). None of the PCa and BPH patients had history of other malignancies, previous surgery or any other PCa treatments (deprivation therapy, chemotherapy or androgen radiotherapy), neither presented active infections at the time of their blood test.
Healthy adult volunteers (n=35) were recruited from the blood bank under the criteria established by the Mexican Official Standard NOM-253-SSA1-2012 (27) , showing no complaints or signs of malignancies or inflammatory diseases and with t-PSA<4 ng/ml. Diabetes mellitus, cardiovascular disease, and other systemic diseases were excluded both in ill and healthy individuals.
Serum sample collection and measurement of VEGF and PEDF. Venous blood samples were collected after an overnight fast, serum was separated and stored at -80˚C. VEGF serum levels were quantified using the Quantikine assay kit (R&D Systems) according to the manufacturer's instructions. PEDF was measured using an enzyme-linked immunosorbent assay (ELISA) kit (ChemiKine™; Chemicon International; Millipore Inc., Billerica, MA, USA). To prevent PEDF from associating with other circulating proteins that may interfere with its total serum quantification, samples were pre-treated with urea (8 M final concentration) for 60 min on ice and diluted in dilution buffer before being applied in duplicate to ELISA plates, as recommended by the manufacturer. All plates VEGF and PEDF were read at 450 nm using a microplate reader (Eon™Microplate Spectrophotometer; bioTek, Winooski, VT, USA).
Immunohistochemical staining. A range of 9-12 cores was taken at the initial prostate biopsy, which were divided into three biopsies per paraffin block. Tissue specimens were processed using conventional procedures for paraffin embedding. Three-micron sections were serially cut. The pathologist analyzed hematoxylin/eosin-stained slides for classification. Subsequently, the highest score Gleason representative paraffin block (containing at least 2 cores positive) was sectioned, dewaxed and rehydrated up to wash buffer (Dako wash; North America, Inc.) and loaded onto Shandon sequenza chamber (Thermo Fisher Scientific, Inc., Waltham, MA, USA). Labeled polymer-based immunodetection system (Mouse/Rabbit PolyVue™ HRP/DAB Detection System; Diagnostic BioSystems, Pleasanton, CA, USA) was used as recommended by the manufacturer's protocol. Monoclonal mouse anti-VEGF antibody (1:50; SC-7269; Santa Cruz Biotech, Inc., Santa Cruz, CA, USA) or polyclonal goat PEDF antibody (1:200; AF1177; Millipore, R&D Systems, Minneapolis, MN, USA) were applied. Then enhancer Polyvue Plus and HRP were added, and incubated with DAB plus/chromogen substrate. Histological observation and image capture were performed using an Axio Imager.A2 (ZEISS, Oberkochen, Germany). To prevent artifactual formation, VEGF or PEDF staining were processed the same day. The criterion of analysis was applied to the regions where VEGF staining showed a higher intensity.
The intensity of VEGF-A and PEDF expression in the biopsies selected above were evaluated in the entire tissue, subsequently three to five fields by cylinder were captured (magnification, x40) and then processed by Image-Pro Plus 6.0 software (Media Cybernetics, Inc., Rockville, MD, USA), which detected the brown spots of the image. According to the data of detected area, samples were classified as four grades: none (0-50), mild (51-166), moderate (167-283), and strong (284-400), and the percentage was plotted as total intensity. Two blinded observers independently performed analysis and immunostaining interpretation. A third observer was required in the discording cases.
Statistical analysis. All data were analyzed by SPSS v.20 (IBM SPSS Inc., Armonk, NY, USA) using descriptive statistics. Data were presented as the mean ± SD. One-way analysis of variance (ANOVA) with Tukey post hoc test was used to compare groups of normally distributed data of the variables studied; Pearson's correlation for serum levels or Spearman's correlation coefficients for serum vs. immunostained intensity percentage in biopsies were used to test associations between variables. Student's t-test was used to compare median for t-PSA with the AdGS. P<0.05 was considered to indicate a statistically significant difference. Table I describes the clinical parameters of the enrolled patients and healthy participants. The means of age between patients and healthy participants were similar (P=0.109). BMI means were similar in BPH and PCa (P=0.170) but higher as compared to healthy individuals (P=0.001). The t-PSA values in the serum of PCa and BPH patients were higher than 4 ng/ml, and there was not a significant difference between them, but both were different from the healthy group (P=0.001). According to the clinical and histological evaluation, from the 40 cases diagnosed as PCa (PCa total), nine were classified as Ad with GS 6 (AdGS6); sixteen were AdGS7, thirteen were AdGS8, and two were AdGS10. PCa cases were grouped into two subsets, AdGS6-7 (well and moderately differentiated), and AdGS8-10 (poorly differentiated or undifferentiated) to further analysis. There was a difference statistically significant between the t-PSA mean values of AdGS6-7 and AdGS8-10 (P=0.045).
Results

Group description.
VEGF and PEDF measurements in serum. The VEGF levels (pg/ml) were increased in PCa compared to healthy individuals (360.55±292.10 vs. 157.1±49.73; P=0.039), but there was not a difference with BPH cases (298.17±178.6; P=0.274). Nonetheless, the stratification of PCa in GS showed that only AdGS8-10 (475.7±405.7) had a significant increase compared to the control group (P=0.009) (Fig. 1A) . When analyzing the VEGF/PEDF ratio (pg/ng) among the samples, its mean was 2.47±0.94 in BPH, 3.18±1.11 in PCa and 0.71±0.3 in the healthy group. There are statistically significant differences between all groups compared to the healthy group (P=0.001); meanwhile, there was no difference between PCa or AdG6-7 vs. BPH. Nevertheless, AdGS8-10 was significant compared to BPH (3.71±1.25; P=0.015) (Fig. 1C) . Table II illustrates the correlation coefficient analyses between serum levels of t-PSA, VEGF, PEDF and VEGF/PEDF ratio from healthy, PCa and BPH groups. In PCa, VEGF presented a positive correlation with t-PSA (P=0.042), PEDF (P=0.001), and the ratio (P=0.004); in AdGS6-7 and AdGS8-10 groups a positive correlation was also found between VEGF and PEDF (P=0.003 and P=0.001, respectively). For BPH there was a positive correlation between VEGF and PEDF (P=0.001), and it was negative when the t-PSA vs. ratio analysis was performed (P=0.008). As it is expected, the correlation of VEGF with VEGF/PEDF ratio was positive and significant between PCa and BPH (P=0.004 and P=0.003). In healthy individuals, a strong negative correlation was observed between VEGF and PEDF with the ratio (P=0.001 and P=0.001).
Immunohistochemical analysis. Immunohistochemical analysis was performed to demonstrate if the serum levels of these proteins were related to its expression intensity in prostatic tissues. VEGF staining presented a diffuse pattern; meanwhile, PEDF showed a granular staining. Representative photomicrographs and the analysis of the staining intensity in prostatic tissues are illustrated in Figs. 2-4 . In BPH tissues, there was a moderate VEGF staining (33.75±12.86, 4A), confined mainly into the cytoplasm of glandular epithelial cells, endothelial cells and stromal fibroblasts (Fig. 2A) . In contrast, PEDF staining showed a mild intensity (24.73±12.85, 4B) and it was limited to the perinuclear region of basal cells (Fig. 3A) . The percentage of VEGF staining in PCa (49.90±18.31) was different to BPH (P=0.003). Particularly, AdGS6-7 mean staining was 45±13.31 with a mild to moderate intensity ( Fig. 2B and C) but was no different from BPH. However, we found intensity from moderate to high in AdGS8-10 ( Fig. 2D) with mean staining values of 57.25±23 (Fig. 4A) , which was statistically significant compared to BPH (P=0.002). On the other hand, PEDF staining intensity for PCa was 31±13.72; with a mild staining for AdGS6-7 ( Fig. 3B and C) with a mean intensity 29.58±9.4 ( Fig. 4B ) and mild to moderate in the AdGS8-10 ( Fig. 3D ) with 33.13±19.07 mean intensity (Fig. 4B) . However, on the microscopic examination, most tissue samples of BPH and PCa showed superior staining areas for VEGF over PEDF (P<0.05).
A correlation analysis of serum VEGF and PEDF levels with staining intensity in tissues was additionally performed (Table III) . In BPH we found no association in both measurements. In PCa a positive correlation was shown for VEGF and PEDF (P=0.002 and 0.001, respectively), nonetheless, in AdGS6-7 a correlation was seen only with VEGF values (P=0.048). AdGS8-10 displayed a correlation with PEDF values (P=0.004) and a positive tendency with VEGF; showing that the heterogeneity found in serum corresponds to the observations in biopsies.
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Discussion
Increased levels of t-PSA determine possible anomalies in the prostate, so it has been proposed as a prognostic biomarker in PCa. However, it remains contradictory since its positive predictive value is ~30% (4). Other biomarkers have been proposed to improve this value such as a factors related to angiogenesis (VEGF and MMP9), and to cell processes like PCA3, ANXA3 and TERT (28) .
We describe for the first time the behavior simultaneously of VEGF and PEDF in benign and malignant prostate environments, both serum and tissue in individuals without comorbidities related to chronic inflammation (9, 29) .
VEGF is narrowly related to the malignancy grade and metastasis of PCa, suggesting that it has a diagnostic and prognostic value of this illness. Our results and other studies reveal that serum expression of VEGF is not correlated, neither can discriminate a benign form (30) (31) (32) (33) . We have shown that levels of VEGF in the serum of PCa and BPH are not significantly different. Probably the inflammatory response in BPH causes an increase in the VEGF expression leading to stromal hypervascularization, endothelial vessel permeability (34) (35) (36) , or it might occur through a decrease in the androgen receptors and inhibition of apoptosis in epithelial cells (10) .
On the other hand, PEDF is a glycoprotein with antitumor properties, because it diminishes the tumor volume and metastases, by acting directly on migration and differentiation into type I tumor-associated macrophages (TAM-1) (37) (38) (39) (40) , suggesting that it could be used as a predictor of the disease and with therapeutic utility (19, 20) . Nonetheless, little is known about the levels of PEDF in serum. Ide H et al reported that there are lower levels in BPH in comparison with PCa patients (41) . However, we found that PEDF levels were not different in both pathologies but were lower compared to healthy individuals. There is a high expression of PEDF in our PCa group, particularly on AdGS8-10, probably due to the aforementioned (15) .
Some studies have linked an increase in the angiogenic balance VEGF/PEDF as a prognostic marker in neovascular diseases (21) (22) (23) (24) (25) . On prostatic diseases, the measurement of VEGF/PEDF ratio in serum has been unexplored; this is the first study that shows data of their expression in PCa. We observed that the VEGF/PEDF ratio in AdGS8-10 patients was higher as compared to BPH and, even more, to healthy individuals (Fig. 1C) . We suggest that the VEGF/PEDF ratio is a kind of normalization of the individually measured data, denoting that the simultaneous measurement of VEGF and PEDF, not the isolated observation of their levels, could help to determine the disease status in an individualized manner. We interpret this idea through the correlation between VEGF, PEDF, and t-PSA (Table III) . VEGF was associated to t-PSA only in AdGS8-10 meanwhile this association was negative in BPH. Conversely, PEDF did not present association with t-PSA in any pathology. These results show that levels of t-PSA are not related to VEGF and PEDF in benign hyperplasia and lower grades of PCa (AdGS6-7).
On the other hand, the relationship of VEGF with PEDF shows a positive significance in both GSs and BPH; indicating that both are increased independently of the pathology. Suggesting that the individual analysis of VEGF or PEDF does not differentiate between benign and malignant forms; except for healthy individuals where a negative tendency was shown. Regarding the VEGF/PEDF ratio, there is a significant relation with the decrease of t-PSA in BPH. While in healthy individuals it is maintained in balance.
Additionally, PEDF and VEGF were detected by immunostaining in biopsies. It was noticeable that the intensity of PEDF was lower compared to VEGF in most samples. Doll et al reported a downregulation of PEDF expression in PCa and high levels in BPH (42) . Perhaps our divergence is due to the origin of the samples (patients vs. animal model, respectively) (43) . Furthermore, we found marked differences in the localization of PEDF among glandular regions. For instance, in BPH, PEDF is located in the cytoplasmic region of basal epithelium, meanwhile, in malignant glands, it was found in the acinar cytoplasm. The intensity of VEGF in the PCa glands was higher compared to hyperplastic glands. We observed that AdGS8-10 significantly contributed to the higher staining intensity. As it has been previously found, VEGF is increased according to the severity of PCa; nonetheless, our data were unable to discriminate between early stages (AdG6-7) and the benign hyperplastic disease. These particularities could allow the histological discrimination between malignant and benign regions constituting relevant information for the pathological analysis. Nonetheless, these results should be verified using ELISA to quantitatively assess VEGF and PEDF expression in tissues, specially with those from prostatectomies where the volume of biological material is abundant.
To study if the serum values of VEGF and PEDF in PCa and BPH were similar to its staining intensity in biopsies, we perform a correlation analysis. Interestingly, we found that in PCa had a significant difference and a positive trend with its levels in biopsies, this is to say, the phenomenon in the tumor is reflected by the circulating levels of both proteins. Similarly, PEDF had a higher correlation between the levels in serum and biopsy, contrary to the common pre-conception, we found a simultaneous increment of both pro-angiogenic (VEGF), and anti-angiogenic (PEDF) factors.
Our results seem to reveal a fine-tuning performed by the balance of VEGF and PEDF levels. Several anti-angiogenic mechanisms, where PEDF acts upon VEGF in a direct or indirect manner, have been proposed in physiological conditions. First, an interference of the VEGFR1 signaling through transmembranal excision activated by the PEDF-induced gamma-secretase (44) . Second, antagonist activity of PEDF upon VEGFR1 and VEGFR2 to promote its internalization and degradation inside endothelial cells (45) . Finally, stimulation by PEDFR/PPARγ signaling that leads to apoptosis of endothelial cells via FAS-L (17, 39, 46) . On the contrary, the growth of malignant cells is caused by alterations in the balance between VEGF and PEDF, releasing in consequence matrix metalloproteases (MMPs) that influence migration and proliferation of endothelial cells and extracellular PEDF degradation (14) .
Prospective and simultaneous measurements of serum levels of VEGF, PEDF or the use of their ratio, along with other diagnostic methods, including t-PSA could be clinically relevant for determining the progression of the disease in a personalized manner, and allow the physicians to make better decisions in doubtful cases. However, these are only preliminary descriptive data and further research is required to determine the role VEGF and PEDF in PCa.
